Oxidized LDL has been previously reported to suppress the expression of genes induced in mononuclear phagocytes by inflammatory stimuli. In this study we extend these findings to demonstrate that the suppressive effects of oxidized LDL vary depending upon the gene being monitored and the stimulus being used to induce or enhance its expression. The expression of a selection of LPS-inducible genes exhibited differential sensitivity to pretreatment with oxidized LDL. Furthermore, the ability of oxidized LDL to suppress gene expression varied markedly with the inducing stimulus used.
Introduction
The role of mononuclear phagocytes in atherosclerosis is supported by multiple lines of experimental observation (1) (2) (3) (4) . Monocytes from the circulation adhere to appropriately activated endothelial cells, traverse the endothelium and basement membrane, and subsequently enter the intimal space of the artery wall. Under atherogenic conditions, these cells accumulate lipoprotein lipid and acquire the characteristic morphology of foam cells which compose the fatty streak, a primary histologic feature of incipient atherosclerosis. The accumulation of lipid within macrophages appears to be mediated by their selective recognition and uptake of oxidatively modified LDL (5) .
In addition to being selectively internalized by macrophages, oxidized LDL can alter the function of monocytes and macrophages in ways that appear to promote atherogenesis (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . Oxidized LDL and its lysophosphatidylcholine moiety are chemotactic for monocytes but reduce the motility of tissue macrophages (6, 7) . Oxidized LDL also stimulates the expression of adhesion proteins which mediate the capture of monocytes on the endothelial surface (8) (9) (10) (11) . Oxidatively modified LDL can promote or suppress the expression of inflammatory cytokines in endothelial cells and mononuclear phagocytes, respectively (12) (13) (14) (15) (16) . For example, oxidized LDL suppresses the expression of TNFa and IL-la in murine peritoneal macrophages and IL-la, IL-1,63, IL-6, and PDGF in human monocytes in culture (14) (15) (16) . These effects have been convincingly linked to oxidized forms of LDL whereas native LDL, acetylated LDL, and malondialdehyde-modified LDL are all inactive (14) (15) (16) (17) . Examination of cytokine expression in atherogenic lesion sites in vivo using either immunohistochemistry or in situ hybridization demonstrates macrophage expression of proinflammatory cytokines (18) (19) (20) (21) (22) (23) (24) . Interestingly, in one study, the magnitude of expression is diminished or missing in regions proximal to the lesion core where cells may accumulate higher levels of oxidized lipid or have been exposed to LDL which has been more extensively oxidized (19) . These findings could be interpreted to connect directly the presence of lipid-loaded macrophages in the fatty streak with the action of oxidized lipoprotein in promoting maturation of such lesions into mature atheromas. Cytokine expression in either endothelial cells or newly recruited macrophages may be initiated or potentiated by moderately oxidized LDL, thus promoting the development of a localized inflammatory reaction. Macrophages which have been present in the vessel wall for extended time periods may have such inflammatory responses suppressed by internalization of extensively oxidized LDL. This could result in the development of an unresolving, chronic state of inflammation leading to the recruitment and proliferation of smooth muscle cells and the excessive deposition of extracellular matrix by their progeny.
To understand how oxidized lipids more precisely may impact on the inflammatory process and the potentially complex interplay between different cell types and different cytokine products, we have examined how oxidized LDL affects the expression of a set of inducible macrophage genes. Because these genes can be induced by multiple agents, the stimulus selectivity of oxidized LDL was also examined. The results clearly demonstrate differential sensitivity to oxidized LDL among the panel of inducible genes examined. The expression of many of these genes can be altered by IENy either alone or in combination with other agents, including LPS and IL-2 (25, 26) . The expression of IP-10 and TNFa was markedly more sensitive to suppression by oxidized LDL when stimulated by with LPS were also differentially affected in cells pretreated with oxidized LDL. These findings indicate that oxidized LDL suppresses only selected portions of the intracellular signaling pathways used in macrophages for regulation of inflammatory gene expression induced by extracellular stimuli. Mice. Specific pathogen-free, inbred C57BI/6 mice 9-12 wk of age were purchased from the Trudeau Institute (Saranac Lake, NY). Precautions were taken such that the animals remained free from infection by environmental pathogens to ensure that the degree of spontaneous activation of tissue macrophages would be minimal (27) .
Methods
Cell culture. TG-elicited macrophages were obtained as reportedly previously (25, 26) . Peritoneal lavage was performed using 10 ml of cold HBSS containing 10 U/ml heparin. Macrophages in RPMI 1640 containing glutamine, penicillin, streptomycin, and 5% FBS (culture medium) were plated in 100or 150-mm plastic Petri dishes, incubated for 2 h at 37°C in an atmosphere of 5% C02, washed three times with HBSS to remove nonadherent cells, and equilibrated in culture medium for 18 h before initiation of each experiment.
Preparation ofplasmid DNA. The plasmids encoding the genes for TNFa, IL-If3, TNF receptor type II (TNFRII), IP-10, inducible nitric oxide synthase (iNOS), D3, and D8 were described previously (25, [28] [29] [30] [31] [32] [33] . The plasmid encoding glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was obtained from Dr. David Stern (Columbia University, New York). Methods for plasmid DNA preparations were as described by Sambrook et al. (34) . 1 og of plasmid DNA was radiolabeled by nick translation with [a-32P]dCTP. The resultant specific activity was -108 cpm/,g, which was used at 107 cpm per blot.
Preparation ofRNA and Northern analysis. Each assay used 1 X I07 macrophages cultured in 60-mm diameter plastic Petri dishes for preparation of total RNA. After treatment of the cells for the indicated times with the indicated stimuli, total cellular RNA was extracted by the guanidine isothiocyanate-cesium chloride method (35) . Samples of total RNA (5 /g) were separated on a 1% agarose/2.2 M formaldehyde gel and subsequently blotted onto MAGNA nylon membrane with 20 X SSC by capillary transfer according to previously published methods (34) . The RNA was crosslinked to the membrane with an ultraviolet crosslinker (Stratagene, La Jolla, CA). The blots were prehybridized for 8-12 h at 42°C in 50% formamide, 1% SDS, 5 x SSC, 1 x Denhardt's solution (0.02% Ficoll, 0.02% BSA, 0.02% polyvinylpyrrolidone), 0.25 mg/ml denatured salmon sperm DNA, and 50 mM sodium phosphate (pH 6.5) and then hybridized with 1 x 106 cpm/ml of [a-32P]dCTPradiolabeled cDNA plasmid probe at 42°C for 16-24 h. After hybridiza-1. Abbreviations used in this paper: GAPDH, glyceraldehyde 3-phosphate dehydrogenase; iNOS, inducible nitric oxide synthase; TG, thioglycollate broth; TNFRII, TNF receptor type II. tion, blots were washed with 0.1% SDS, 2 x SSC for 30 min at room temperature followed by two washes at 550C. The blots were then exposed using XAR-5 x-ray film with intensifying screens at -70'C. Expression of GAPDH was used as an internal control for the quantity of total mRNA on each lane of the gel and this control was applied in all experiments.
Transcriptional analysis. Cultures of 4 X 107 macrophages in 150mm culture dishes were treated as indicated in the text and nuclei isolated as described previously (26) . Transcription initiated in intact cells was allowed to complete in the presence of [a-32P]UTP and the RNA was isolated and hybridized to slot-blotted plasmids containing specific cDNA inserts (7 Mg DNA/slot) essentially as described elsewhere (26) . Blots were exposed to x-ray film for 72-96 h at -70'C as described above.
Preparation and oxidation of LDL Human LDL was isolated as described previously (14) . Oxidized LDL was prepared by dialyzing native LDL against PBS, pH 7.2, for 24 h to remove EDTA, and subsequently against PBS containing 10 AM CuSO4 for 72 h. Oxidation was terminated by dialysis against PBS containing 0.5 mM EDTA for at least 24 h. Conditions of LDL preparation and oxidation were designed to minimize the contamination of samples with endotoxin (14) . Extracts of oxidized LDL were prepared using chloroform/methanol as described in Bligh and Dyer (36) . The organic phase was dried under nitrogen and stored at -70'C. Before use the dried lipid extracts were reconstituted in a 1:1 mixture of ethanol/dimethylsulfoxide and added to culture medium to a final concentration of 0.25% (vol/vol). Control cultures received comparable amounts of solvent. The level of LDL oxidation was monitored as the accumulation of thiobarbituric acid reactive substances (TBARS) as described elsewhere (14) . Concentrations of oxidized LDL were based upon LDL cholesterol content before oxidation measured as reported previously (14) . Measurement of TNFa protein. The secretion of TNFa was measured using the Factor-Test-X Mouse TNFa ELISA kit from Genzyme Corp. (Cambridge, MA) according to the manufacturer's instructions. TG-elicted macrophages were plated in 24-well culture plates and allowed to adhere for 2 h before vigorous washing to remove nonadherent cells. Individual cultures were treated as indicated in the text with either native or oxidized LDL at up to 400 Mg/ml for 24 h. Cultures were washed three times to remove residual LDL and incubation continued in fresh medium containing LPS, IFNy, and IL-2 or no treatment as indicated for 24 h. Cultures were also provided with 1 MCi/ml [3H]leucine (Dupont/New England Nuclear). Culture medium was harvested, centrifuged to remove nonadherent cells and cell debris, and used for ELISA. The cell layer was solubilized in 100 Ml of 1% SDS solution, 1 ml of 10% trichloroacetic acid was added, and the precipitated protein was collected on glass fiber filters before determination of radioactivity by scintillation spectrometry. The levels of TNFa protein in each sample were normalized to the level of [3H]leucine incorporation.
Results

Suppression of macrophage inflammatory gene expression by
oxidized LDL is gene and stimulus dependent. Previously reported studies from this laboratory examined the effects of oxidized LDL pretreatment on the expression of TNFa and IL-la genes induced in murine macrophages by maleylated BSA (14) . To determine if a broader spectrum of LPS-sensitive genes might be influenced by oxidized LDL, elicited peritoneal macrophages from C57BI/6 mice were pretreated with oxidized LDL (400 Og/ml) for 24 h and then stimulated with the indicated concentrations of LPS for 4 h. The concentration of oxidized LDL used was the minimum amount required to modulate expression of the least sensitive gene based upon studies presented below in Fig x I0' TG-elicited peritoneal macrophages were untreated or treated with oxidized LDL (400 ug LDL cholesterol/ml) for 24 h. The culture medium was changed and the cultures were subsequently stimulated with the indicated concentrations of LPS for 4 h before preparation of total RNA and analysis by Northern hybridization as described in Methods. Blots were hybridized with the indicated radiolabeled cDNAs and films were exposed for 18 h. Similar results were obtained in two separate experiments.
LPS stimulation of otherwise untreated macrophages induced strong expression of all five mRNAs and was optimal at 2 1 ng/ml (Fig. 1 ). Pretreatment of cultures with oxidized LDL selectively affected the levels of individual mRNAs. Expression of IL-1,8 mRNA was suppressed at all concentrations of LPS.
IP-10 expression was suppressed only when the cultures were stimulated with 1 ng/ml or less of LPS. TNFa, D3, and D8 mRNAs were heavily suppressed only when doses of 0.1 ng/ ml LPS were used. In this circumstance the amount of LPS added was suboptimal and suppression could have been due to association of LPS with residual oxidized LDL bound on the cell surface. Levels of GAPDH mRNA were not altered by any of these treatments. Many inducible macrophage genes including those examined in the experiment presented in Fig. 1 are also expressed in macrophages treated with IFNy or a combination of IFNy and IL-2 (25, 26, 37) . This provided an opportunity to determine if the sensitivity of macrophage gene expression to pretreatment with oxidized LDL varied with the inducing stimulus. Macrophages exposed to either native or oxidized LDL alone exhibited no difference from untreated controls (Fig. 2) . Cultures stimulated simultaneously with IFNy and IL-2 exhibited expression of both IP-10 and TNFa mRNA which was comparable in magnitude to that seen after stimulation with LPS. Pretreatment with oxidized LDL markedly suppressed the expression of both genes when the stimulus was IFNy/IL-2, while TNFa or IP-10 mRNA expression induced by LPS was either unaffected or only modestly suppressed by oxidized LDL, consistent with the results shown in Fig. 1 . Unmodified native LDL had no effect on the expression of any gene induced by any stimulus.
Combinations of IFNy and either IL-2 or LPS can also cooperatively promote expression of iNOS, though the response to TEN and LPS is much stronger than to IFN and IL-2 ( Fig.   2 ) (32, 38, 39) . The expression of iNOS mRNA was strongly suppressed in macrophage cultures pretreated with oxidized but not native LDL regardless of the stimulus used. IFN'y is also a potent antagonist of LPS-induced expression of TNFRII mRNA (31) . Macrophages pretreated with medium alone, native LDL, or oxidized LDL all exhibited the same pattern of inducible TNFRII mRNA expression, indicating that, for this gene, neither the stimulatory effects of LPS nor the inhibitory activity of IFN'y were affected by the oxidized LDL exposure (Fig. 2 ).
In previously published work, the suppression of maleylated albumin-induced TNFa mRNA levels by oxidized LDL was maximal at an LDL concentration of 100 ,ig/ml LDL protein (14) . To determine if the differential effects of oxidized LDL on inducible macrophage genes varied with the concentration of oxidized LDL, the dose dependence of suppression of individual genes was assessed. Cultures were pretreated with the indicated concentrations of oxidized LDL for 24 h before stimulation with IFNy and IL-2 and analysis of specific mRNA levels ( Fig.   3 ). Expression of IL-1,f, IP-10, and TNFa mRNAs was optimally suppressed in cultures treated with between 50 and 100 ,qg/ml oxidized LDL. Maximal suppression of iNOS mRNA levels, however, required oxidized LDL levels of 400 jig/ml. While oxidized LDL treatment has been reported to produce cytotoxicity in various cell types, the exposure of peritoneal macrophages to 400 jsg/ml for 24 h had no effect on protein synthesis as measured by the incorporation of [3H]leucine into trichloroacetic acid precipitable material (data not shown). This lack of toxicity in murine macrophages is consistent with our previous experience (14) . Because this treatment was not associated with toxicity and was the minimum concentration sufficient to produce the maximal effect on the least sensitive gene (i.e., iNOS), it was used in other experiments.
To determine if the suppression of IFNy/IL-2-induced gene expression by oxidized LDL was mediated by inhibition of transcription, nuclear run-on studies were performed. Peritoneal macrophage cultures were pretreated or not with oxidized LDL - Figure 2 . Suppression of inducible macrophage gene expression by oxidized LDL varies with the stimulus. TG-elicited macrophages were cultured in medium alone or medium containing native LDL or oxidized LDL (both at 400 pg/ml) for 24 h and then stimulated with IFNy (100 U/ml) plus (500 U/mi), LPS (10 ng/ml), or IENy plus LPS for 4 h before analysis of gene expression as described in the legend to Fig.  1 . Blots were hybridized with the indicated cDNA probes and films were exposed for 12-48 h. Similar results were obtained in three separate experiments. for 24 h and then stimulated with either LPS or IENy and IL-2 for 2 h. Nuclei were prepared and transcription initiated before harvest was allowed to continue in vitro in the presence of radiolabeled UTP. The isolated RNA transcripts were subsequently hybridized with cDNAs blotted onto nylon membranes. Both IFNyJIL-2 and LPS were able to stimulate the frequency of transcription of the TNFa gene (Fig. 4 ). In agreement with the results of Northern hybridization studies reported in Fig. 2 , the IFN'yfIL-2-induced transcription was strongly suppressed by pretreatment of cultures with oxidized LDL while there was little or no effect on the transcription frequency for the TNFa gene in LPS-stimulated macrophages. Similar results were seen when the I1P-IO gene was analyzed (data not shown). Transcription from the GAPDH gene was unaltered by any of the treatment conditions. TNFa expression is known to be regulated by both transcriptional and translational mechanisms (40) . To verify that the suppressive effects of oxidized LDL resulted in a lower production of the gene product itself, the levels of TNFa protein in culture medium from either LPSor IFNyIIL-2-stimulated macrophages were measured using a commercial ELISA. Both LPS and JLFNyIIL-2 treatments resulted in the release of immunochemically detectable TNFa protein from peritoneal macrophages (Table I) . At stimulus doses yielding similar levels of TNFa secretion, oxidized LDL suppressed the production of TNFa by 90% in IIFNyJIL-2-treated cells but only by 50% in LPS-treated cells.
Suppression of gene expression requires extensively oxidized LDL. To determine how the suppressive activity of modified lipoprotein might vary with the extent of oxidation, macrophages were pretreated with preparations of LDL which had been oxidized by dialysis against 10 ttM Cu2" for varying time periods. Interestingly, the ability to suppress IP-10 mRNA expression induced by [ENy and IL-2 was not acquired until LDL had been oxidized for at least 24 h and was optimal by 48-72 h (Fig. 5 ). While there was some variability between different preparations of oxidized LDL, the differences were generally quantitative (data not shown). The results presented in this report have been obtained with oxidized LDL obtained from three different preparations.
The oxidation of LDL produces alterations in both the protein moiety (apo B 1 00) and the lipid components of the particle (41) . To determine what oxidation products are involved in the suppression of gene expression, macrophages were pretreated with chloroform/methanol extracts of the oxidized LDL before stimulation with IENy and IL-2. Extracts were dried under nitrogen and solubilized in a 1:1I mixture of ethanol and DMSO. Dilution of the lipid mixture into culture medium was performed to allow a concentration of solvent of no greater than 0.25% and this had no detectable effect on stimulus-induced gene expression. The extract at levels equivalent to 1 mg of preextraction LDL protein per ml of culture medium effectively suppressed the IFN'yIIL-2-induced elevation of IP-10 mRNA (Fig. 6 ).
Discussion
Mononuclear phagocytes play an important role in the pathophysiology of atherosclerosis. This cell type may provide a connection between two key etiologic features of the disease: the oxidation of lipoproteins present in the vessel wall and the development of a chronic inflammatory reaction at the site. The . Concentration dependence for oxidized LDL-mediated suppression of IFNy/IL-2-induced macrophage gene expression. TG-elicited macrophages were cultured with the indicated concentrations of oxidized LDL (given as ug/ml LDL cholesterol) for 24 h before stimulation with IFNy (100 U/ml) and IL-2 (500 U/ml) for 4 h. Total RNA was prepared and analyzed by Northern hybridization using the indicated cDNA probes. Films were exposed for 12-48 h (the iNOS blot was exposed for 48 h in this experiment as compared with 12 h in the experiment shown in Fig. 2 ). Similar results were obtained in two separate experiments. h. The culture medium was changed and the cells were stimulated with LPS (10 ng/ml) or IFN-y (100 U/ml) and IL-2 (500 U/ml) for 24 h. The culture supernatants were used for assay of TNFa by ELISA according to the manufacturer's instructions.
impact of oxidized LDL on inflammatory function appears to be variable depending at least in part on the cell type(s) being examined and the extent of LDL oxidation (6) (7) (8) (9) (10) (11) (12) (13) (14) . Regulation of inflammation involves stringent control of gene expression within participating cell types such as macrophages. There are many different genes involved and many different agents capable of providing both positive and negative stimulation (42) (43) (44) . The results of the present study clearly demonstrate that inducible gene expression is not uniformly affected by oxidized LDL; whether expression is suppressed varies with the particular gene product under examination and with the stimulus used to elicit expression. These conclusions are based on the following observations. First, LPS-induced expression of IL-13, IP-10, TNFa, D3, and D8 mRNAs was differentially suppressed by pretreatment of macrophages with oxidized LDL. Second, unmodified or native LDL from the same preparation as that used for oxidation had no effect on the expression of any inducible gene studied. Third, expression of TNFa and IP-IO is much more sensitive to suppression when induced by IFNy/IL-2 than when induced by LPS. Lastly, the cooperative stimulation by IFNy and LPS of iNOS mRNA expression was sensitive to oxidized LDL while the antagonistic effect of IFNy on LPSinduced TNFRII mRNA was not altered. While these differential effects of oxidized LDL in a complex system are exemplary and do not predict the behavior of other genes, the variability underscores the importance of defining the repertoire of in- Figure 4 . Oxidized LDL selectively suppresses transcription of TNFa mRNA induced by IFNy/IL-2. TG-elicited macrophages were untreated or treated with oxidized LDL (400 pg/ml) for 24 h before stimulation with IFNy/IL-2 or LPS for 2 h as described in the legend to Fig. 2 . Nuclei were harvested and used for nuclear run-+ on analysis as described in Methods. Blots of cDNA encoding either TNFa or GAPDH were hybridized with radiolabeled primary transcripts and the film was exposed for flammatory products generated at sites of atherogenesis and identifying the stimuli which may be operative at such sites. The differential effects of oxidized LDL on macrophage gene expression have significant implications for understanding the mechanisms involved in controlling inflammatory gene expression. First, it is clear that multiple intracellular signaling events are involved in mediating the inflammatory response of this cell type to the diverse collection of extracellular stimuli (44) (45) (46) . It is interesting that these signaling pathways exhibit differential sensitivity to oxidized LDL. The mechanisms of action of oxidized LDL are not the result of a broad toxicity directed at general metabolic machinery of the cell, but rather function in a more selective fashion. The signaling pathways mediating responses to IFNy, IL-2, and LPS in macrophages are, however, only partially understood and specific targets of oxidized LDL have not been identified as yet. Nevertheless, the selectivity of the suppressive effects of oxidized LDL and its lipid components may represent an important issue to exploit in developing interventional therapies for atherogenesis and related chronic inflammatory diseases.
Our findings indicate that the transcription of certain genes is a primary mechanistic target of oxidized LDL. These findings do not rule out the contribution of posttranscriptional, translational, and posttranslational mechanisms. Indeed, oxidized LDL suppressed the production of TNFa protein by 50% under conditions where there was no detectable alteration in levels of TNFa mRNA (compare Table I with Figs. 1 or 2) . This is consistent with the known importance of translational regulation of TNFa biosynthesis (40) .
Several laboratories have examined the effects of modified LDL on the expression of various cytokine genes in cells capable of contributing to inflammatory reactions in vivo. These include not only mononuclear phagocytes but vascular endothelial cells as well. Both stimulatory and suppressive effects have been observed though the differences are likely related to the cell types and gene products under study and the nature and magnitude of the modification of the LDL particles (12) (13) (14) (15) (16) . Indeed, modestly oxidized LDL has been found to promote the expression of several cytokine genes in vascular endothelial cells, and the stimulatory effects on gene expression have also been demonstrated in vivo (12, 13, 47) . Other reports suggest that the predominant effect of oxidized LDL on macrophages is the suppression of gene expression induced in response to conventional stimuli such as LPS (14-16). In the present study + + ± Figure 5 . LDL requires extensive oxidation time for acquisition of suppressive activity. Native LDL was dialyzed against sterile pyrogen free PBS containing 10 MM Cu2" for the indicated times before analysis of suppressive activity on IFNy/IL-2-induced IP-10 mRNA expression. TG elicited macrophages were either untreated (control), treated with IFNy (100 U/ml), and IL-2 (500 U/ml), or pretreated for 24 h with LDL oxidized as above for the indicated times before treatment with IFNy and IL-2 and analysis of IP-10 mRNA by Northern hybridization as described in the legend to Fig. 2 . Similar results were obtained in two separate experiments.
the majority of suppressive activity was generated only after extensive oxidation of the LDL particle and was not demonstrable either in unmodified LDL or in LDL subjected to only moderate oxidation. In addition, the suppressive activity is contained within the lipid fraction as it can be extracted with chloroform/methanol. Thus even though the oxidation of LDL also causes substantial changes in the structure of the protein moiety (i.e., apo B 100) (41), these changes do not appear to contribute to the suppressive activity demonstrated on macrophages. The spectrum of oxidized lipid products which may be found within the extensively oxidized LDL used here is undoubtedly large. Several biologic activities of oxidized LDL have been attributed to lysophospholipids (7, 11) . Furthermore, 7-/3-hydroperoxycholesterol and related compounds are at least partially responsible for the toxicity of oxidized LDL on proliferating cultured cells (48) . Neither lysophosphatidylcholine nor 7-/3-hydroperoxycholesterol is able to replicate the effects on gene expression reported here (Hamilton, T macrophage inflammatory gene expression? Though this remains unknown, it is possible to consider a speculative scenario. During normal inflammation, macrophages and other cell types must generate soluble cytokine mediators to communicate with one another and allow coordinated orchestration of cell behavior leading to the normal resolution of inflammation and restoration of health. LDL, bound to extracellular matrix structures in the vessel wall, may be subject to increasing oxidative modification. Such modified LDL could be recognized and taken up by macrophages leading to the accumulation within foam cells of oxidized lipids. Those cells taking up the extensively oxidized LDL may be subject to appreciable dampening of the normal inflammatory response, thus allowing the development of a state of chronic, low-level inflammation to evolve. This kind of activity would be consistent with the extended time periods apparently required for the conversion of fatty streaks to mature atheromas. Suppression of cytokine expression at the site may be an important contributing feature of the pathophysiologic process.
